Introduction
The production of polar ice from seawater leads to the rejection of relatively saline water and so to thermohaline convection in the polar seas. The majority of such freezing events occurs along 'leads', linear fractures in the ice cover typically 10-100 km long [ 
Application to lead-induced convection
The instability of the neutral cloud generated by a buoyant line plume in a stratified ambient provides a natural mechanism for generating a series of anticyclonic lenticular vortices. We proceed by examining the dimensions and depth of the eddies which would be produced by lead-induced convection in the polar seas (Figure 3) . As a first simplified model, we could examine the penetration of the line plume across the density interface between two uniform layers of fluid corresponding to that above and below the pycnocline (e.g. In order to model the generation of eddies by leads more accurately, it would be necessary to consider the influence of the finite width W of the lead source on the buoyancy flux at the intrusion depth H. In particular, a recent numerical study [Smith and Morison 1993] has suggested that for W > H, the convection may be characterized by the descent of a number of discrete plumes, in which case the volume flux impinging on the pycnocline is expected to be significantly different from that beneath a simple line plume. Finally, while our model assumes explicitly that the buoyancy flux is constant in time, it is straightforward to consider a source with buoyancy flux of the form Bot •. Doing so would allow one to make more sophisticated predictions for the properties of the coherent structures generated by leads, whose buoyancy flux necessarily decreases with time [ Wettlaufer et al. 1997] .
Our experiments and theoretical calculations suggest that lead-induced thermohaline convection provides a robust mechanism for generating anticyclonic geostrophic vortices at the base of the mixed layer. However, we conclude that this mechanism is unlikely to be responsible for the generation of the majority of the large, deep arctic eddies which have been observed on field expeditions. First, our model suggests that the plumes generated by refreezing leads will not typically be sufficiently vigorous to penetrate to great depths beneath the pycnocline, and so to account for the deepest observed eddies. Second, while the observed eddies were predominantly anticyclonic, two of seven were cyclonic [Manley and Hunkins 1985] . It is noteworthy that situations arose in our experiments where the anticyclonic eddies spun-up a cyclonic pair, thus forming a dipolar vortex which propagated away from the source [Bush and Woods 1999] ; however, the mechanism by which a cyclonic eddy might arise in isolation is not clear. Finally, our model indicates that an alternate generation mechanism must be sought for ageostrophic eddies, characterised by relatively small dimensions and large internal velocities, for which fluid inertia plays a significant role in the dynamics [Manley and Hunkins 1985] .
